Introduction
T HE TECHNOLOGICAL PROGRESS to the present day offered a series of appreciable changes in the planet. Therefore, environmental protection, social and economic developments become essential to achieve sustainable development (World Business Council for Sustainable Development -WCED, 1987) . In recent years, there have been advances in favour of buildings being more environmental friendly. Numerous countries have greater or lesser success launched initiatives to achieve more environmental friendly buildings throughout their life cycle (Todd, et. al., 2001) . Therefore, general concept of sustainability in the building sector includes environmental, economic and social concerns. San-Jose, et, al., (2007) analysed the sustainable environmental requisites by defining the indicators to assess building behaviour and developed an assessment model as a base for measuring the building environmental sustainability index. The concept of sustainable development involves moving towards complying with econo-centric concerns, technocentric concerns and socio-centric concerns. For sustainability, all the three constraints need to meet. Clift (2007) assessed the techno-economic feasibility to reduce emissions of carbon dioxide by 60% by 2050 in the United Kingdom. The target can be achieved economically if the efficiency of energy use is improved to achieve reduction in demand, combined with a shift to lower carbon energy sources. Climate change is considered to be the major thread. The study showed that the necessary reductions in carbon dioxide emissions could be achieved by known technologies.
Sustainable global aspects to be met by the buildings require a sustainable vision (Lutzkendorf & Lorenz, 2005) . Throughout the useful life of a building, during its use stage, it will have impacts on the environment via electricity consumption. Not only that, from sustainability's view point, co-ordination of resources to be consumed by a building throughout its useful life acquires great importance. This aspect mainly refers to electricity consumption for lighting, ventilation and air conditioning (Sarja, 2002) .
The concept of sustainable development and sustainability are integrated to the green building. Effective green building will show the way to reduce operating costs by increasing productivity, by using less energy and by dropping environmental impacts (Wikipedia, 2007) . However, the environmental impact of buildings was often underestimated, while the perceived costs of building green were overestimated. A recent survey by the World Business Council for Sustainable Development found that green building costs were overestimated by 300% -more triple the true average cost difference of about 5%. The Green Building Council of Australia developed a green building standard known as Green Star. In Adelaide, there are at least two projects that incorporate the principles of green building. The Eco-city development is located in Adelaide's city centre and the Aldinga Arts Eco Village is located in Aldinga. Melbourne, another Australian city, is the host of many green buildings and sustainable developments for instance, Centre for Education and Research Environmental Strategies (CERES) Environmental Part and Council House 2 (Wikipedia, 2007) .
This study reports the basic efforts towards energy efficient role of Heating, Ventilation and Air Conditioning (HVAC) for ensuring high performance buildings in operation and design for better sustainability. The technologies for effective HVAC systems for subtropical climate are explained and immerging HVAC technologies are described in the rest of the section. It is believed that with integrated and holistic approach to HVAC and building design, performance of existing building can be improved.
Energy Consumption Scenario in Australia
In Australia, the structure of energy consumption by different consumer groups is characterised by a high share of the building sector. In subtropical climate, the use of air conditioning is progressively growing. In 2002, Australia generated 210.3 billion kilowatthours (bkWh) of electricity and consumed 195.6 bkWh (Chowdhury, et. al., 2006) . The Energy Supply Association of Australia (ESAA) has predicted that consumption will grow rapidly in coming years, rising to 206 bkWh by 2008, with the majority of growth in consumption concentrated in Queensland, New South Wales and Victoria. According to the report published in 2000 by Built Environment Research Unit, Public Works Department, Queensland, Australia; Space Cooling in Queensland's residential and commercial buildings accounts for approximately 32% of the state's total annual electrical energy consumption.
Increased energy efficiency in buildings can provide financial benefits through reduced electricity bills. Improvements in energy efficiency also play a part in reducing energy use, contribute to the competitiveness, and assist in better managing energy demands and buildings' sustainability. trends. Therefore, the trend of temperature increase will certainly increase space cooling cost and energy consumption. This is the time to evaluate major energy consuming elements for better sustainability of Australian buildings. The improvement in energy systems of building operating on is an alternative way to reduce greenhouse gas emissions and increase sustainability in buildings.
Energy Efficient Cooling Technologies for Building Sustainability
For achieving energy efficiency within buildings with better sustainability, a methodology of several steps can be considered towards energy conservation in building. Firstly, it is focused on standard methods of energy efficiency, the second one supports the energy-savings measures and the third one is economical feasibility. Thermal modernisation of old buildings is performed to achieve significant reductions in energy consumption and to improve indoor-climate conditions. The reduction of energy demand in buildings can be achieved by improving building envelope elements, by reducing heat losses in local heat distribution systems and local heat sources etc.
The basic rule for building sustainability will be to introduce standard well-proven energy efficient technologies and then to use new unconventional methods of energy conversion, storage and utilisation, including implementation of renewable energy. The future of sustainability measures in building sector depends on coherency between economics, energy efficiency and environment protection. The idea of sustainability in buildings can be implemented through innovative technologies and measures by using passive solar system for the building itself, by applying day lighting; by integrating solar-active thermal and photovoltaic systems into building; by adding short and long term (seasonal) energy storage THE INTERNATIONAL JOURNAL OF ENVIRONMENTAL, CULTURAL, ECONOMIC AND SOCIAL SUSTAINABILITY, VOLUME 4 (e.g. underground thermal energy storage) etc. Utilisation of renewable and wastes in extreme cases leads to self-energy sufficient buildings. These buildings do not require energy to be supplied by external sources; the energy is produced and used at site.
The other types of buildings include intelligent buildings using Building Management Systems (BMS). The main aim of these systems are to control all systems in the building to assure the proper management of the energy demand, to conserve energy, to improve the comfort levels including indoorair quality, and to increase the building's productivity through leveraging information. The idea of integrated building services functions is beneficial from the sustainability point-of-view. In addition, economic viable and embodied energy can be an important issue.
Subtropical climate encompasses a wide range of temperature and humidity conditions. Therefore, most HVAC systems are designed to provide comfort through mechanical cooling. While this traditional approach to cooling can provide acceptable comfort, it does not always do so in climate-responsive or energy-efficient way from sustainability point of view. Effective solar control, appropriate building materials, and internal load minimization (e.g., efficient lights, Energy Star office equipment) can reduce or altogether eliminate the need for mechanical cooling. Eliminating traditional mechanical cooling systems has numerous benefits, including reduced construction cost, lower maintenance requirements, less noise, and significantly lower energy costs. The right combination of approaches and mechanical system approaches can take almost any outdoor weather condition and shift it towards the comfort zone. For buildings, having both operable windows as well as traditional mechanical cooling expand the comfort envelope and minimize potential energy waste. The following strategies are required to enhance energy efficiency and comfort by taking advantage of a climate's characteristics.
Displacement Ventilation (DV)
Although displacement ventilation, an alternative to conventional mixing system, were used for industrial buildings. Lin, et. al., (2005) investigated the typical office building and found that DV system produced superior indoor air quality. It has designed to minimize mixing of air in the occupied zone and used 2.5-3 air changes/hour (Schultz, 1993) . It is achieved by conditioned air at a lower temperature than desired room temperature and indoor temperature depends upon changes with height. In different studies, ISO 7730 (1995) and Loveday, et. al., (1998) individually suggested air temperature gradient 3K/m as satisfactory for displacement ventilation. By supplying air at 17 o C instead of 13 o C, displacement ventilation saves on chiller energy compared to usual air conditioning system. It also saves thermal energy compare to traditional air conditioning systems because displacement ventilation maintains room temperature at 23 o C, whereas traditional systems maintain 21 o C. Apparently, it reduces comfort. Comparing the cooling differential index, which is 8K and 6K for displacement and traditional systems respectively, for same heat load, displacement ventilation requires higher flow rate than traditional systems. Displacement system uses less energy compared to traditional system as because it cannot cope large load and is appropriate for constant small load of 25W/m (Levermore, 2000) . In subtropical climate, displacement ventilation can be operated throughout the year with supply air temperature between 18 o C to 20 o C. Trox (1997) suggested that it can be operated as a variable air volume system. Lin, et., al. (2005) illustrates that displacement system can be affected by imbalance in the heat source within the office space.
Mixed Mode Ventilation
The term mixed-mode typically describes a system that combines natural and mechanical ventilation. It provides many advantages of natural ventilation, as well as, other benefits like greater control over internal conditions; weather-proof night ventilation; improved ventilation on still nights; the ability to offset higher heat gains where stack ventilation is not possible; greater building flexibility to cope with changes of usage, occupant density, internal loads, etc. For most active systems, a mixed-mode approach is generally preferred to full time mechanical ventilation, which affords building occupants very little control over their environment. Natural ventilation also realises the benefits of free cooling, i.e. ventilation without fans operations because they account for a significant proportion of the energy used in mechanically ventilated buildings. The combination of centralised plant supplying an underfloor ventilation system is particularly an effective format in mixed-mode systems. This solution provides good convective heat transfer with the top of the slab, enabling thermal linking on both sides in buildings with exposed soffits. Centralised air handling plant enables the heat lost by ventilation during the winter to be minimised by incorporating a heat recovery device such as a cross-flow heat exchanger, designed to recover heat from exhaust air to preheat incoming fresh air. During summer nights, a damper controlled bypass prevents the heat recovery device from warming the incoming fresh air. On very hot summer days, the incoming fresh air can be pre-cooled at times when the exhaust air is at a lower temperature. The effectiveness of pre-cooling can be enhanced 71 ASHFAQUE AHMED CHOWDHURY, M.G. RASUL, M.M.K. KHAN through the addition of evaporative cooling of the exhaust air before it passes through the heat recovery device. These can cool the fresh air without increasing its moisture content, and can lower the supply temperature by several degrees depending on the ambient and internal conditions (Chowdhury, et. al., 2006) .
Night Ventilation
Night ventilation is a technique whereby cool nocturnal air is circulated through the building in order to reduce the temperature of the indoor air and internal building fabric (Geros, et. al., 1998) . A number of researchers studied suitable night ventilation processes for cooling offices at different locations. The cooling potential of the night ventilation technique has been experimentally and theoretically studied under different conditions. A simulation model with suitable weather data were used to examine the potential for energy savings and improved internal comfort conditions by applying night ventilation cooling to air-conditioned office buildings (Kolokotroni & Aronis 1999). The thermal mass and night ventilation reduced the effect of external comfort conditions in two monitored naturally ventilated low energy new office buildings (Kolokotroni, 1998) . Through simulation results using the software TRANSYS and full scale experiments, the coupling between night ventilation and mechanical cooling were shown to be an efficient and low-cost way to cool buildings (Blondeau, et. al., 1997) . By longterm measurements and analysis, intermittent mechanical ventilation other than the day and night natural ventilation is recommended for residential buildings in hot climates (Fu, et. al., 1996) .
The influence of thermal mass and night ventilation on the maximum indoor temperature in a hot humid climate were analysed using an hourly simulation model ENERGY by Shaviv, et. al., (2001) to predict the thermal performance of the building. The study reported that the maximum indoor temperature depended linearly on the temperature difference between the day and night at the site. Becker & Paciuk (2002) investigated the impact of night ventilation and pre-cooling on peak cooling demand for an office building in a coastal region. In the model used, although only the cooling loads were calculated for a typical summer day, up to 35% in energy cost savings were achieved. Night ventilation should take maximum advantage of ambient conditions whilst avoiding overcooling, which will result into uncomfortable conditions at the start of the day, and may result in a subsequent need to reheat the space.
Radiant Cooling
Radiant cooling as an alternative air-conditioning system was first investigated in laboratory studies in European countries in the early 1990s (Wilkins, et. al.,1992 and Niu, et. al., 1995) . Then the system started its applications in combination with displacement ventilation systems (Mertz, et. al., 1992 and Niu, et. al., 1994) . Radiant cooling with displacement ventilation is more energy efficient compared to conventional air conditioning system (Feustel & Stetiu, 1995; Imarori, et. al., 1999) . In Europe, it is reported that cooling tower could be useful to cool the water for supply to the radiant panel on the ceiling (Facoa & Oliveria, 2000) . In recent years, both simulation studies and experimental research on Hydronic radiant cooling and displacement ventilation have been reported (Loveday, et. al., 2002; Alamdari, et. al., 1998; Rees, et. al., 2001; and Novoselac et al. 2002 ). Feustal (1995 claimed that cooling would be provided directly and more eventually to the occupants without causing draft.
Radiant cooling systems separate the cooling and ventilation tasks of a building conditioning system, by employing chilled-ceiling to treat cooling load and setting up an independent ventilation system. It is generally believed that radiant system has three main advantages. First, the pump energy required to move heat in a water based system is much lower than fans in an air-based system. Second, radiant systems improve thermal comfort because heating and cooling are provided directly and more evenly to the occupants without causing drafts. Third, simple and effective zone control is provided. Because of these reasons, it can be employed in subtropical climate. As a passive cooling alternative radiant cooling has higher potential for energy and peak savings. Applications of radiant cooling to subtropical regions are much more necessary.
Chilled ceiling (CC) has become a popular choice due to its characteristics of good thermal comfort, high air quality, low energy consumption and high ventilation effectiveness. Udagawa (1993) developed a linear subsystem model considering a generalized simulation algorithm of a room's thermal environment and the energy efficiency of radiant cooling system. Feustel & Stetiu (1995) have investigated the performance of radiant cooling with a chilled ceiling system. The system was employed with the aim of reducing the amount of electrical energy used to cool non-residential buildings equipped with allair systems, using fans that transport the cool air through the thermal distribution system. Stetiu, et. al. (1995) developed a model to simulate the performance of a radiant cooling ceiling system and found that radiant cooling reduces the energy consumption and peak power requirement of the air-conditioning THE INTERNATIONAL JOURNAL OF ENVIRONMENTAL, CULTURAL, ECONOMIC AND SOCIAL SUSTAINABILITY, VOLUME 4 system. Kilkis (1995) developed a computer program using a quasi-steady state heat transfer model for design and analysis of chilling panels. The results showed that the success of a panel cooling system depended on careful analysis of anticipated indoor conditions and appropriate design. Sulzer Infra Lab Ltd. and Swiss Federal Institute for Materials Testing and Research carried out research aimed at optimizing the energy efficiency of a chilled ceiling by means of calculation and testing (Sprecher, et. al., 1996) . Niu, et. al., (1997) described the cooling load dynamics and annual energy consumption of rooms with cooled ceiling systems by using the dynamic building thermal analysis program.
The origination and development of chilled ceiling, displacement ventilation and combined system reviewed by Riffat, et. al., (2004) and current status were explained with a view to determine the design consideration. Ghali, et. al., (2007) studied the design and performance of a cooled ceiling and displacement ventilation system application for buildings in humid climates for the purpose of energy savings, better indoor air quality and thermal comfort. The study confirmed that a chilled ceiling system consumed 21% less cooling energy than the conventional 100% fresh air system over the cooling season. Although the initial cost is high for CC, the payback period based on transient operation is less than 5 yrs. A review of the design guidelines by Yuan, et. al., (2001) and Novoselac & Srebric (2002) emphasized the universal method for determining vertical temperature gradient and desired minimum stratification height in the space. Ayoub, et. al., (2006) developed a simplified thermal transport model for spaces cooled by the combined CC system and tested the applicability with satisfactory results. They suggested that energy consumption using chilled ceiling depended on the supply air temperature, the outdoor airflow rate, conditions, and the cooling load.The system also needs a ventilation system to maintain indoor air quality.
To satisfy these requirements, a combination of radiant cooling with a dehumidification and ventilation system should be considered. As 100% of the cooling capacity cannot be met by in tropical climates, it is necessary to provide supplementary cooling by dehumidified and cooled ventilation air. However, there is a need to optimise the critical parameters of the hybrid system for instance ceiling temperature, ventilation air temperature (dry and wet bulb temperature) and supply volume flow rate in relation to the space cooling load and comfort criteria (Ameen, 2005) .
Desiccant Cooling
Desiccant cooling is an environmentally friendly system and is preferred in recent years due to global warming and other environmental problems. Over the years, various aspects of desiccant cooling have been investigated to establish its effectiveness as environmental friendly and economical alternative to the traditional systems, which are based on vapour compression cycles with respect to system parameter, climatic condition and loads (Halliday, et. al., 2002) . In HVAC system combining chilled-ceiling with desiccant cooling, air dehumidification is required to maintain the indoor air humidity within a comfort zone and to reduce the risk of water condensation on chilled panels in hot and humid climates. Niu, et. al., (2002) evaluated the system performance using chilled-ceiling with desiccant cooling and the energy savings potential by comparing with another three systems such as conventional all-air system, all-air system with total heat recovery, and radiant cooling with air handling unit (AHU) of a typical office. The results indicate that chilled-ceiling combined with desiccant cooling could save up to 44% of primary energy consumption, in comparison with a conventional constant volume all-air system. More interestingly, more than 70% of annual operating hours for desiccant regeneration could be accomplished by low-grade heat of less than 80 o C. Hirunlabh, et. al., (2005) conducted an experimental analysis to investigate the performance and energy savings of the desiccant air conditioning systems. Under test bed condition, electricity savings was about 24% using 15% of outdoor air, 15% of return air (mixed with desiccant bed inlet) and 70% of indoor air (mixed o the dry air leaving the desiccant) ratio.
Among several technologies available for air dehumidification, desiccant cooling is an attractive alternative. In past 10 years, there have been many researches on this technology (Waugaman, et. al., 1993) since it satisfies the demands of the industry for a diversification of primary energy sources and a reduction in the use of CFCs. Hybridization of these systems has the potential to be an economically proposition. In such application, air conditioning can be carried out by humidifying the air through desiccant (solid or liquid) followed by sensible cooling using water and then by an evaporator coil of a conventional vapour compression refrigeration cycle. The regeneration of the desiccant can be accomplished by condenser heat using low grade heat source for instance, solar energy or waste heat recovery from system. Furthermore, regeneration of the desiccant is possible, even at temperature between 60 o C and 100 o C which can be supplied by ordinary flat plate solar collector (Ameen, 2005) .
To facilitate the applications of radiant cooling to subtropical climates, a system combining chilled-73 ASHFAQUE AHMED CHOWDHURY, M.G. RASUL, M.M.K. KHAN ceiling with desiccant cooling can be used. According to this concept, the sensible load is primarily treated by ceiling panels and the latent load and ventilation is accomplished by an auxiliary desiccant cooling system. Niu, et. al., (2002) found that chilledceiling saves much fan energy due to reduced air volume, and saves much chiller energy due to raised evaporating temperatures. Dehumidification by desiccant cooling saves much sensible energy due to the cancellation of reheat processes that are common with dew-point dehumidification. Much thermal comfort can be resulted from chilled ceiling with desiccant cooling. Chilled-ceiling combined with desiccant cooling could save up to 44% of primary energy, in comparison with a constant volume allair system. Total heat recovery could save 8% of potential energy when employed in a conventional all-air system. In addition, with chilled-ceiling, temperature and humidity control have been decoupled by using desiccant wheel for moisture removal and ceiling for temperature control. Desiccant cooling could be driven by low-grade thermal heat below 80 o C, suggested a feasibility of applications of renewable energy to air dehumidification with chilledceiling combined with desiccant cooling. Zhand & Niu (2003) reported chilled ceiling saves much fan energy due to reduced air volume and saves much chiller energy due to raised evaporating temperature compared to all air systems. Total energy savings amount to 47% with an AHU dehumidification and 30% with a desiccant dehumidification system. Mezzei, et. al., (2002) obtained up to 35% savings on investment cost in summer season with reduction in thermal cooling power up to 52% by using three software codes for a retail shop. Dai et al. (2001) reported an experimental study of a hybrid air conditioning system comprising section of desiccant dehumidification, evaporative cooling and vapour compression air conditioning having 20-30% higher cooling capacity than the vapour compression system alone. Dhar and Singh (2001) presented the performance of four hybrid cycles for typical hot-dry and hot-humid weather conditions for the analysis of rotary dehumidifier. Henning, et. al., (2001) claimed that the combination of absorptive dehumidification with a conventional, electrically driven backup system allows for primary energy savings up to 50% at low increased overall cost.
Unlike conventional air conditioning system, which requires higher degree energy to run cooling cycle, desiccant cooling is heat driven cycle. Although starting costs of the desiccant system are generally higher with respect to traditional summer operating costs of traditional air conditioning system, the costs can be slightly minimised using de-rated system. Utilisation of integrated evaporative cooling for desiccant system and packaged total gas solid desiccant systems present high energy savings with a capability to allow better indoor thermal comfort. However, operating cost savings obtainable with desiccant systems depend on local climatic conditions, energy rates and overall performance of the desiccant wheel.
Thermal Storage Air Conditioning
Electric utility companies usually encourage the use of Thermal Storage Air Conditioning (TSAC) systems to reduce the cost required to generate peak electric power and has become well established in many countries like USA, Japan and Taiwan etc. Indeed, demand during peak hours can be eliminated by using off peak power. Utility companies have initiated different rate structures to penalize the use of peak hour electric power. In addition to the peak and off-peak energy rates, utility companies have imposed demand charges, based on the monthly peak demand. Most utilities offer rate incentives to encourage customers to consider TSAC which substantially lower life cycle cost, particularly due to longer equipment and system life (Dorgan & Elleson, 1994) .
Conclusions
The result of the implementation of energy efficiency strategies in building for better sustainability give improved indoor environmental quality, economic benefits, reduced pollution in both the local and global environment. When all energy performance and indoor climate standards are met and the proper quality of service is assured, the approaches to building's sustainability are developed. Technologies have afforded designers with artificial methods of providing comfort. That does not mean that weather patterns should be ignored. Often, the effort required for a climate-responsive design is not focused on technology so much as on initial consideration of a particular climate's challenges and opportunities, as well as methodical analysis of how different design strategies work in that climate's context. This simplicity when combined with climatic common sense allows buildings to work with. The above discussion shows define assurance of sustainability of buildings under subtropical climate condition. Although HVAC systems offer many opportunities for recovery of thermal energy, it is preferred to use less energy at first instance by efficient system through improved operating procedure from sustainability point of view. Techniques such as mixed mode ventilation, thermal storage based air conditioning, radiant cooling, desiccant cooling, and passive solar cooling are important in terms of energy use and indoor environment of building. Energy efficient approach enables building to reduce energy consumption, improve the working environment, reduce impacts of THE INTERNATIONAL JOURNAL OF ENVIRONMENTAL, CULTURAL, ECONOMIC AND SOCIAL SUSTAINABILITY, VOLUME 4 building operation, and in the end ensure sustainability of the buildings and suburban environment. To ensure this, HVAC systems have an important role to play since many factors for efficient performance directly or indirectly have affected by the performance of the HVAC systems. An integrated approach is required to optimise assets operation for efficient building performance. A few HVAC technologies have been reviewed in the paper and currently many of those are being used successfully with performance improvements to cut operating cost and accelerate integration of the new systems within conventional HVAC systems. Different technologies reviewed in the paper can contribute to improve thermal performance of buildings with a decrease of cooling load. Combination of those strategies can further decrease cooling loads and develop energy efficient sustainable building of twenty first century.
The previous work suggests that Displacement Ventilation is feasible for subtropical Queensland through out the year and it will use less energy compared to traditional system. Only limitation is that it can work with small load. Pre-cooling and Night Ventilation have prominent features in subtropical Queensland for passive cooling. The weather data shows that the average night temperature (highest 22 o C and lowest 9.4 o C) is suitable for precooling and Night Ventilation. A recent simulation study by Chowdhury, et. al., (2007) found that precooling conserved night-time traditional cooling cost and offered comfortable natural environment to the occupants. Complex control strategies are not required to maintain comfortable condition. The precooling will also reduce the starting load requirement of the building thermal mass thus offer saving towards peak demand charge. Cooling inside the buildings can be improved by the application of such cooling design.
Radiant cooling can be applied in subtropical climate because cooling required for certain period of time specially at day time and usually needs low heat gain to be cooled to achieve thermal comfort. As suggested by Vangtook & Chirarattananon (2005) , cooling tower can be employed to provide cooling water for radiant cooling and for pre-cooling of ventilation air to achieve thermal comfort. No active cooling is required. For sophisticated condition, precooling ventilation air with cooling water generated from active cooling can help to achieve thermal comfort superior to the case of conventional air conditioning. Substantial energy saving can still be achieved. Chowdhury, et. al., (2006) utilised the application of the chilled ceiling technique in an office building and demonstrated the potential savings as a low energy cooling technology in a subtropical Queensland climate. It improved thermal comfort and reduced the energy consumption of the building. In cases where cooling panels cannot influence air temperature sufficiently, it helps to reduce radiant temperature.
Desiccant cooling is also an established low energy cooling system .It has got very good track record over the years by the researchers. For subtropical Queensland, it will also offer substantial monetary savings. To facilitate the applications in subtropical climate a system combining chilled ceiling with desiccant cooling is preferred for Rockhampton. It will save fan and chiller energy due to reduced air volume and raised evaporative temperature. Dehumidification by desiccant cooling will conserve much sensible energy and much more thermal comfort will result. If the system combining chilled ceiling with air dehumidifier is maintained, the temperature and indoor humidity are decoupled and human comfort can be controlled independently.
Excessive energy consumption causes damage to eco-environment and leads to abnormality from a socio-economic point of view. Globally buildings are responsible for a large portion of the total world's annual energy consumption. In addition, most of this energy is for the functioning of lighting, heating, cooling and air conditioning. Concerns about social and environmental sustainability have led to increased interest in planning for proper utilisation of energy. World's attention on current climate change impact and sustainability has situated for a closer look at the energy efficient technologies. As buildings are important consumer of energy and thus important contributor to the higher greenhouse gas emissions to the environment. Energy use reduction can be achieved by minimising the energy demand, by rational energy use, by recovering heat and the use of more passive means for low energy use. Therefore, low energy cooling technologies for buildings must be one of the definite alternatives to contribute to the sustainability of buildings. This study is a step towards achieving this goal.
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